Introduction
Spin crossover (SCO), as defined in the IUPAC "Gold Book", is a "type of molecular magnetism that is the result of electronic instability […] caused by external constraints (temperature, pressure, or electromagnetic radiation), which induce structural changes at molecular and lattice levels". 1 The definition invokes the ability of a compound to undergo a spin-state transition in response to external stimuli (which, as we know today, can be much more diverse than stated in the definition from 1997 quoted above). In principle, SCO can occur with any 3d 4 -3d 7 metal ion in pseudo-octahedral coordination. 2 Iron(II) and iron(III) complexes account for the biggest share and are most intensively studied with regard to applications in information storage and spintronics. [3] [4] [5] In these compounds, the transition takes place between the enthalpically preferred lowspin (LS) and the entropically preferred high-spin (HS) state; for Fe 2+ /Fe 3+ , these are the states 1 A 1g / 2 T 2g (LS) and 5 T 2g / 6 A 1g (HS), respectively. As subtle changes in molecular structure or solid-state arrangement can lead to dramatic changes in the switching behaviour, 6 the synthesis 7 as well as theoretical description 8 of such SCO compounds are the subject of intense current research. Additional challenges arise from the need to transform substances into materials in order to make them useful for actual spintronic devices: the interaction with surfaces for containment or contacting increases complexity beyond design or description with common models. Further, to be able to compete, any new technology has to overcome at least some of the disadvantages or physical limits of established siliconbased electronics, e.g. by allowing for further miniaturisation. This has led to a growing interest in the magnetochemistry of various types of complexes on surfaces and the possibility to preserve bulk behaviour in ensembles with reduced dimensions. 9, 10 There are many examples where direct contact of a coordination compound with a surface efficiently quenches the SCO behaviour otherwise observed. For instance, electron-induced spin-state switching in ultra-high vacuum (UHV) deposited [Fe II (bpb) 2 tren: tris[4-(6-methylpyridin-2-yl)-3-aza-3-butenyl]amine) may be considered as zero-dimensional entities. They show thermal SCO characteristics that differ from those of the bulk substance, and the crystallinity of the particles has a major influence on relaxation dynamics after light-induced excited spinstate trapping (LIESST). 15 Isolated molecules of [Fe II {BH 2 ( pz) 2 } 2 (bipy)] ( pz: 1H-pyrazol-1-yl; bipy: 2,2′-bipyridine) on Au(111) have recently been reported to be capable of temperature-and light-induced spin transitions. The important role of molecule-surface interactions has been probed by X-ray absorption spectroscopy (XAS). 16 We have previously shown that a submonolayer of [Fe II L-(NCS) 2 ] in direct contact with HOPG (1, L: 1-{6-[1,1-di( pyridin-2-yl)ethyl]-pyridin-2-yl}-N,N-dimethylmethanamine, see Fig. 1 ) exhibits a thermally induced, fully reversible SCO. 17 For this purpose, the substance was UHV-deposited on a freshly prepared surface at elevated temperatures and investigated using XAS. The differences between surface behaviour and bulk behaviour suggest that interactions with the substrate are more important than intermolecular forces. Here, we report on the bulk SCO-behaviour of 1. In our previous work we had used SQUID susceptometry to show thatlike the HOPG-adsorbed submonolayer-solvent-free powders of [FeL(NCS) 2 ] (1) are capable of a thermally induced, reversible, gradual one-step spin crossover without hysteresis. 17 Here, we present the results of temperature-dependent solution UV/Vis spectroscopy, structure analyses and evaluation of the thermal-expansion tensor via single-crystal X-ray diffraction. The results shed light on the molecular changes associated with the spin-state transition in the crystalline state and help assess the role of intermolecular vs. molecule-substrate interactions on surfaces. (1), a striking thermochromism was found in a variety of solvents like methanol, ethanol, acetone, acetonitrile, dichloromethane and chloroform. Upon cooling such solutions with liquid nitrogen, the original colour intensifies and undergoes a bathochromic shift (from orange to red), as noticed by optical inspection (see Fig. S1 †). As this phenomenondeemed to be the result of a spin-state transition-seemed to be most pronounced in acetone solutions, we investigated them further using temperature-dependent UV/Vis spectroscopy.
Results and discussion
As incipient freezing of the solution prevented reliable measurements below ca. −85°C (188 K), we recorded spectra in the temperature interval 188(1) K ≤ T ≤ 303(1) K in increments of 5 K. ‡ Bands in the wavelength range of 350 nm ≤ λ ≤ 750 nm have been evaluated (see Fig. 3 ); prominent solvent bands prohibited the use of data below the lower limit. The bands with maxima at 400 nm and 460-470 nm are due to spin-allowed metal-to-ligand charge-transfer (MLCT). The former and the latter are due to electronic transitions into ligand-centred π*-orbitals which are antisymmetric and symmetric with respect to a two-fold symmetry element, respectively. The less intense, broad shoulder around 600 nm is probably caused by spin-forbidden transitions into triplet states ( 1 A 1g → 3 MLCT). 19, 20 With increasing temperature, the absorbance A in the Vis region decreases to about one-fifth and band positions shift 
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slightly (e.g. from 466 nm to 450 nm for the absolute maximum). This behaviour is typical of a conversion from the low-to the high-spin state, the MLCT bands of which lie in the UV range (as commonly rationalised by a charge-transfer of higher energy in the HS state due to longer metal-ligand bonds). 21 An isosbestic point at 335 nm marks the boundary between the UV and Vis-MLCT regimes of 1 in acetone. This behaviour supports the notion that an SCO is responsible for the observed thermochromism-which is by no means always the case with SCO-capable compounds. 22 The plot of the molar extinction coefficient ε at 466 nm against temperature (see Fig. 4 ) is of sigmoidal shape, as is expected for a spin crossover. However, the transition is incomplete in the interval examined, so that the molar extinction coefficients ε HS and ε LS of the pure spin states have to be determined from a fit (see eqn (1), γ HS : mole fraction of molecules in the HS state).
On the basis of this equation, a curve (see Fig. 4 ) may be fitted to the data using a simple non-interaction model derived from the reaction isotherm equation of the SCO (HS-1 ⇌ LS-1) and the definition of the Gibbs energy (see eqn (2), Δ SCO H m : molar SCO enthalpy, Δ SCO S m : molar SCO entropy, R: universal gas constant).
The resulting molar extinction coefficients of the pure states, ε LS = 9200(60) cm 2 mmol −1 and ε HS = 1110(60) cm 2 mmol −1 (dashed lines in Fig. 4 ), are reasonable for this substance class. Rescaling with these as extrema (using eqn (1)) yields γ HS . The thermodynamic and statistical fit parameters are given in ). Fig. 4 Plot of the extinction coefficient (ε) and the mole fraction in the HS state (γ HS ) vs. temperature for 1 in acetone with fit of a non-interaction model (eqn (2); solid line) and extinction coefficients of the pure states (dashed lines).
respectively, and is considered a measure of the molecular interaction during SCO. 23 The coefficients of determination can be used to judge the adequacy of the model. The values obtained for powder and solution are similar. Thus, as in solution, intermolecular interactions in the powder of 1 seem equally absent (even if the latter fit does have a slightly lower coefficient of determination). The transition temperatures T 1/2 lie in the same range and are fairly high for this complex class. This may be due to the stereochemical constraints imposed by the ligand, which stabilise the LS state more than the HS state.
Spin crossover in the crystal
In our hands, solvent-free crystals of 1 were inaccessible from solution. Instead, the pseudopolymorphs [FeL(NCS) 2 ]·CHCl 3 (1a) and [FeL(NCS) 2 ]·2CHCl 3 (1b) co-crystallised from chloroform solutions. § The two species could, however, be distinguished optically as they formed orange and dark red plates at r.t., respectively-a first hint at different transition temperatures for a possible SCO. To monitor the latter, temperaturedependent measurements of the cell volume V were performed (between 150 and 300 K). While crystals of 1a were stable over the whole temperature interval, crystals of 1b started to decompose at 260 K. Presumably, the evaporation of one equivalent of chloroform causes degradation and the appearance of powder rings in diffraction patterns.
In the low-temperature regime (150-200 K for 1a, 150-240 K for 1b), the data are quasi-linear and show no sign of a beginning phase transition. Thus, a standard model of thermal expansion using a temperature-independent coefficient γ of volumetric expansion was fitted in this range (eqn (3), V 0 : zeropoint volume). K −1 ), a significant, but less pronounced aberration is found for the last data points (see Fig. 5 ). As these phenomena are due to a thermal spin-crossover (vide infra), a transition temperature T 1/2 well above 260 K-and thus extraordinarily high and near r.t.-may be assumed for [FeL(NCS) 2 ]·2CHCl 3 (1b). Because of the concomitant decomposition of crystals of 1b, only data for 1a could be further evaluated. For this purpose, the extrapolated (eqn (3)) cell volume, which accounts only for thermal expansion, was subtracted from the measured cell volume, leaving the volume increment V SCO due to spin crossover. Rescaling to the maximum of 45(7) Å 3 provides γ HS (see Fig. 6 ). Again, these data, carrying the absolute error of the measured volume, may be fitted to the non-interaction model (eqn (2)). The resulting parameters (see Table 6 ) show that the transition temperature T 1/2 falls into the same region as for solution and powder. The broadness ΔT 80 is much less than in those cases, owing to a certain degree of intermolecular interactions in the crystal. Still, the value is quite large compared to other iron(II) complexes of this class; the transition remains gradual. The molar SCO enthalpy Δ SCO H m and entropy Δ SCO S m are about 1.5 times as high in the crystal. The former is due to a further stabilisation of the LS state compared to the HS state, through stronger intermolecular interactions. Similar to the compound [Fe II (NCS) 2 ( phen) 2 ], a roughly equal distribution of the entropy gain between magnetic contribution, intramolecular stretching and deformation vibrations was found; 24 the larger SCO entropy may be attributed to the more efficient (3)). coupling of molecular vibrations to lattice phonons. In the crystalline state-being the most highly ordered state of aggregation-the maximum possible interaction for any one substance is achieved. In our case, however, the simple noninteracting model is still valid to describe SCO behaviour. This is corroborated by the high coefficient of determination. This leads us to conclude a low overall degree of cooperativity.
Crystal structures Molecular geometry. The crystal structures of 1a and 1b were determined at 150 K and 273 K (for details, see Table 1 ). In spite of the decomposition of crystals of 1b above 255 K, a quick diffraction measurement was possible. Both pseudopolymorphs crystallise in the monoclinic space-group type P2 1 /c with one molecule per asymmetric unit. At r.t., they are optically discernible: while crystals of 1a are orange (changing to dark red upon cooling, see Fig. S3 †), those of 1b are dark red. As the latter colour is associated with the LS state (cf. UV/Vis spectrometry in solution), 1a seems to exist mainly in the high-spin, 1b predominantly in the low-spin state under ambient conditions. This supports the assumption of different SCO transition temperatures, the one of 1b being significantly higher (and probably above r.t.).
In iron complexes, the coordinative bond lengths and the distortion of the coordination polyhedron are sensitive to the spin state of the central ion. To monitor the temperaturedependent changes, the Fe-N bond-lengths and their average d (Fe-N) were determined (see Table 2 ). Molecular distortion was evaluated using two established parameters: Σ is the sum of the deviation of all cis-angles θ i from 90°in a distorted octa-
. 25 This parameter is readily obtainable, but invariant to changes in bond lengths. A more sophisticated approach is the application of continuous symmetry measures (CSM) that quantify "the minimal distance movement that the points of an object have to undergo in order to be transformed into a shape of the desired symmetry". 26 In our case, the reference shape was that of an ideal octahedron. The corresponding CSM is called S(O h ) and-as a distance scaled to the size of the molecule-a dimensionless quantity. For comparison and assignment of predominant spin states, complexes with weak-field chlorido ligands in the oxidation states +II (2) and +III (3) were also analysed by X-ray diffractometry (for molecular graphics, see Fig. S4 †) . Data for the LS complex [Fe(CN) 2 L] carrying two strong-field cyanido ligands have been published before (see Table 3 ). 18 At 150 K, as is evident from the data in Table 2 , both pseudopolymorphs (1a, 1b) are characterised by parameters that are typical for LS-iron(II) complexes with nitrogen donors: an average Fe-N bond length of about 2.0 Å and a weakly distorted coordination pseudo-octahedron (Σ ≈ 50°, S[O h ] < 1). Thus, it is justified to assign the structures a pure low-spin state (in accordance with the data of the dicyanido complex, Table 3 ).
When heated to 273 K, [FeL(NCS) 2 ]·CHCl 3 (1a) adopts a structure close to one characteristic of HS-iron(II) complexes (see Fig. 7 ): the average bond length rises by Δd (Fe-N) = 0.14 Å (to a value near the expected ca. while Fe-Cl bonds are considerably longer than Fe-N bonds (thus increasing the CSM), the weaker π bonding in 2 causes the cis-angles to be more irregular (thereby increasing Σ). Comparing the data with those of other bis(thiocyanato-κN)iron(II) complexes and taking into account the spin-transition curve (see Fig. 6 ), it is reasonable to assume a virtually complete SCO for 1a at 273 K. 23, 27 The notable changes in molecular geometry are illustrated by an overlay of the complexes at both temperatures (see Fig. 8 ). The rigidity of the substituted tris-( pyridyl)ethane ligand-"cap" imposes another remarkable feature: because of the coordinative bond elongation attendant on spin-crossover, the non-bonding distance between the iron(II) ion Fe1 and the quaternary carbon atom C16 increases from 3.050(5) Å at 150 K to 3.243(5) Å at 273 K. The findings of 1a are in contrast to those of [FeL(NCS) 2 ]· 2CHCl 3 (1b). In accordance with cell-volume behaviour (see Fig. 5 ), a late-onset SCO is found. At 273 K, the observed structural parameters are significantly above the estimates for a pure LS state, but far too low for a pure HS state (see Fig. 9 ). The non-bonding distance between Fe1 and C16 increases only from 3.063(6) Å to 3.147(6) Å. A rapid diffraction experiment at 300 K, while suffering from severe degradation of the crystal, hinted towards further progression to a proper HS structure. Therefore, we conclude that 1b is capable of a high- e See text for the definition of symmetry parameters. temperature thermal spin crossover which, however, is obscured by the deterioration of the crystal.
Intermolecular interactions
In crystals of 1b, infinite chains of complexes along [100] are formed by one π stack and two edge-on contacts per adjacent molecule (see In contrast, the crystal structure of 1a is characterised by dimeric clusters, in which the molecules hold together via one π stack (formed by the rings R2x containing N20, see Fig. S6 †) and two edge-on contacts to an adjacent pyridyl residue (R3x containing N30). Additionally, a CH-S contact between a pyridyl residue and a thiocyanato ligand (C24⋯S52) is found. The dimers are connected to zigzag chains propagating along [001] by two contacts per neighbour-between the second thiocyanato ligand and the adjacent pyridinediyl residue (S62⋯C14) or the adjacent carbon-bound methyl group (C61⋯C17), respectively (see Fig. S7 †) . The chloroform molecules constitute layers in (100) and interact with the complexes via a CH-S (C1A⋯S62), a halogen-aryl (Cl3A⋯C13) and a halogen-methylene contact (Cl2A⋯C40). Compared to the structure at 150 K, only the CH-S contacts between and within dimers are significantly lengthened at 273 K (see Table 4 ). This reflects weaker intermolecular contacts in the HS state, thus leading to a higher SCO enthalpy than in solution or the powder. The π-stacking distance, on the other hand, is significantly shorter. By comparison with the findings in 1b, these changes must be caused by a spin-state transition, as opposed to the small effects of thermal expansion.
In both pseudopolymorphs, a three-dimensional network is formed by interactions via thiocyanato ligands and involving solvent molecules. The formation of complex dimers in 1a and infinite complex chains in 1b is presumably the main reason for their differing SCO properties. In 1a, the transition to the HS state leads to a shortening of aromatic contacts. Such a compression is energetically less favoured in 1b, where twice as many interactions per complex molecule and long-range ordering via aromatic contacts are present. This may result in a considerably larger SCO enthalpy and thus a higher transition temperature. The strengths and lengths of CH-S contacts (also involving solvent molecules) play a major role in the degree of cooperativity in a crystal. These parameters thereby affect the abruptness of an SCO as well as the broadness of a hysteresis, if present. 23 As the pseudopolymorphs of [FeL(NCS) 2 ] (1) also differ with respect to such interactions, the transitions are expected to show different characteristics.
Evaluation of the thermal-expansion tensor
In contrast to the microscopic views of molecular structure and intermolecular forces, the evaluation of temperaturedependent expansion of the crystal itself offers a connection between the molecular level and the macroscopic world of materials. Therefore, we calculated the thermal-expansion tensor α from the cell constants at different temperatures. Following Neumann's principle, it takes the form of a symmetric 3 × 3 matrix with four non-zero components (see eqn (4)) for monoclinic crystals.
The basis of this second-order tensor is a Cartesian coordinate system with x, y and z as main axes of expansion. Its trace is the volumetric expansion coefficient γ. For the standard setting, the y axis coincides with the crystallographic b axis, thus α 22 = α b . The other components in the crystallographic coordinate system are obtained by a rotation of the remaining axes in the xz plane (angles μ 1a between x and a, μ 3c between z and c). In order to calculate α, the evolution of the cell constants with temperature has to be fitted with analytical functions (see Fig. S8-S13 and Tables S1-S3 †). In 1a, the range between 150 and 200 K is dominated by thermal expansion and has therefore been selected for the first fit. Representative Fig. 9 ORTEP plot of 1b at 150 K (left) and 273 K (right). Ellipsoids of 50% probability; hydrogen atoms and solvent molecules at high temperature omitted for clarity. data are given for 175 K, the centre of the interval (see Table 5 ). The slight difference in the volumetric expansion coefficient γ compared to the value from above is due to an exponential function being used here instead of a polynomial. In the range between 220 and 280 K, the SCO effects are superimposed. As they are maximal at T 1/2 , α is given for 238 K. The difference of the tensors at both temperatures may be used as a rough estimate of SCO-only effects. (Because the bases are rotated with respect to one another-as shown by different μ 1a and μ 3c -the differences of the Cartesian tensor components α ii have no meaningful spatial correlate.) For 1b, the regime of thermal expansion is much greater, allowing for evaluation of the range between 150 and 240 K. The specification of the tensor at 175 K was chosen for reasons of comparability. In addition, Fig. 10 represents the thermal-expansion tensor as a three-dimensional isosurface, also indicating the position of the Cartesian and crystallographic axes. At 175 K, both tensors show similar features that of 1b being slightly smaller in all components. (This may be due to the incorporation of more solvent, which interacts only weakly via compressible contacts leading to a less rigid structure.) The main component of the expansion falls upon the b and c axes, while it is less pronounced in the direction of a. In 1b, a points along the chains of complexes connected by π stacks and edge-on contacts. In 1a, this is the direction of the corresponding interactions within the dimers.
Along c, no strong contacts are found. Thus, crystals of the pseudopolymorphs of [FeL(NCS) 2 ] (1) preferentially expand in directions without strong (aromatic) dispersion forces as this requires less energy.
During spin crossover in 1a, the expansion coefficient at 238 K along a (c) is more than 3.5 (2.5) times as large as in the purely thermal regime (175 K). Surprisingly, along b, it is smaller at 238 K than at 175 K. The CH-S contacts between complexes, in contrast to those between complex and solvent molecules, run along [101] .
Owing to Fe-N bond dilatation with no simultaneous change in Fe-NCS angle, the a and c vectors are stretched particularly strongly. In addition, the rigid substituted tris-(pyridyl)ethane "caps" coordinate along c and are "pushed away" during SCO (vide supra). The gradual contraction of π stacks (see Table 4 ) leads to the decrease in expansion along b.
Comparison to behaviour on the HOPG surface
In solution, spin crossover progresses without any interaction between complex molecules. In the crystal, one finds the strongest possible interactions for a particular compound because of the long-range 3D order.
On a non-interacting surface, one would expect an intermediate behaviour due to (at least partial) 2D order. However, 
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This for [FeL(NCS) 2 ] (1) on HOPG, we found a significantly altered SCO. With ΔT 80 = 115(8) K, the transition is extremely broad, even broader than in solution. As the width usually correlates with the strength of interaction (weaker interaction resulting in broader transitions), less interaction cannot be the explanation for the even broader transition on HOPG. We therefore conclude that this effect is due to a complex-substrate interaction of a kind yet to be determined.
On the surface, the molar SCO enthalpy and entropy are less than half as large as in solution, which means that the LS state is enthalpically and the HS state entropically less favoured. 17 A possible explanation is the formation of a twodimensional HS lattice on HOPG through high-temperature vapour deposition. When cooling the sample, interactions with the surface do not allow for relaxation into the energetically most preferable LS arrangement, thereby lessening Δ SCO H m . As this non-optimal lattice has a lower degree of order, Δ SCO S m , which signifies the difference in the "orderedness" of both states, is also decreased.
The lower coefficient of determination shows the fit to be less adequate to describe the behaviour on the surface. The non-interaction model (HS-1 ⇌ LS-1) presumably fails because of specific interactions with the substrate.
Experimental

Materials and analytical methods
Reagents were purchased from Acros Organics or SigmaAldrich and used without further purification. Solvents were purified according to standard procedures. 28 The ligand L was synthesised following literature instructions.
18,29
NMR spectra were recorded on a "Bruker ARX 200" at r. 30 or an electronically stored frequency for the other nuclei. IR spectra in attenuated total reflectance (ATR) were measured with a "Thermo Nicolet iS5" equipped with a "Thermo Nicolet iD5" ZnSe sample-holder, those of CsCl pellets with a "Nicolet Magna System 750".
Mass spectra were recorded in ESI(+) mode with a "Thermo Scientific Orbitrap LTQ XL" (spray voltage: 5 kV, source temperature: 275°C).
UV/Vis spectra were obtained using a "Varian Cary 50" spectrophotometer.
Elemental analyses were performed using "Thermo Finnigan EAGER 300" and "elementar vario EL" devices.
Susceptometry was carried out at r.t. using a "Johnson Matthey MSB Auto" magnetic balance calibrated with tridistilled water (χ g = −7.2 × 10 Crystals fit for X-ray diffractometry formed by precipitation upon vapour diffusion of diethyl ether into methanolic solutions of the complex at r.t. for two weeks. 1 (3) . To a colourless solution of L (227 mg, 0.713 mmol) in MeOH (10 mL), FeCl 3 ·6H 2 O (175 mg, 0.647 mmol) was added while stirring at r.t. From the yellow-brown solution, an orange-yellow powder precipitated promptly. To the resulting suspension, (nBu 4 N)PF 6 (251 mg, 0.648 mmol) was added. Using airflow, the mixture was briefly heated to boiling to dissolve the precipitate. During 1.5 h of stirring at r.t., a bright yellow suspension formed that was held at −20°C for another 1.5 h. The mixture was filtered and the microcrystalline solid washed with MeOH and MTBE (2 × 2.5 mL each). The resulting powder was recrystallised from MeCN (5 mL) by vapour diffusion of Et 2 O at r.t. During eleven days, large cuboid orange-yellow crystals formed which were suitable for X-ray diffractometry. After selection of single crystals, the remaining solid was filtered off, washed with Et 2 O (3 × 10 mL) and pulverised. Evaporation of solvent residues in medium vacuum yielded 2 (304 mg, 80%) as a yellow powder. 1 
X-ray crystallography
Data were collected using an "Oxford Diffraction Xcalibur S" diffractometer equipped with a goniometer in κ geometry, a "Sapphire 3" CCD-detector, and a graphite-monochromated "Enhance" Mo-K α source (λ = 0.71073 Å). Diffraction images were integrated with CrysAlisPro. An empirical absorption correction using spherical harmonics implemented in the SCALE3 ABSPACK scaling algorithm was performed. 32 Structures were solved with SHELXS-97 using direct methods and refined with SHELXL-97 against F o 2 data using the full-matrix least-squares algorithm. 33 Non-hydrogen atoms were refined anisotropically; hydrogen atoms were refined isotropically with standard riding-models. The chloroform molecule in 1a, one of two in 1b, and the hexafluorophosphate ion in 3 exhibit rotational disorder. They have each been modelled in two discrete positions using same-distance, same-angle, tight rigid-bond and isotropy restraints for the halogen atoms. Partial occupations for the two orientations refined to ca. 0.5/0.5 in 1a as well as in 3, to ca. 0.67/0.33 in 1b at 150 K and ca. 0.46/0.54 at 273 K.
Molecular graphics were produced using ORTEP-3 for Windows 34 and Mercury 35 . Molecular superpositions were performed using MOLFIT as implemented in the package WinGX 36 and visualised using PLATON/PLUTON. 37 Temperature-dependent measurements of unit-cell parameters were conducted using an "Oxford CryojetXL" nitrogen gas-blower to raise the temperature from 150 K in steps of 5 K. At each temperature point, diffraction patterns were measured with an optimised time-constrained strategy (20 min, ω scans, θ max ≈ 29°, ca. 44% completeness). Reflections were used only to determine unit-cell parameters without integration of the images.
Thermal-expansion tensors, their visualisations and derived quantities were calculated using a beta version of X-Ray TTT. 38 Continuous symmetry measures (CSM) were calculated using the internet service of the Hebrew University of Jerusalem. 39 All other parameters were derived from SHELXL-97 output using basic arithmetic or statistical methods.
Conclusions
[FeL(NCS) 2 ] (1) is capable of a complete, gradual, one-step thermal spin-crossover without hysteresis in solution and in crystals of the adduct 1·CHCl 3 (1a). The features of the SCO are within the limits of other well-established examples of bis (thiocyanato-κN)iron(II) complexes. However, the transition temperature T 1/2 is quite high for the substance class and even higher in the case of crystalline 1·2CHCl 3 (1b), showing a strong influence of the solvent in the solid state. Unfortunately, crystals of 1b proved to be unstable at elevated temperature. A large T 1/2 is desirable for applications in data storage, making synthetic optimisation of the crystalline system 1·x solvent a promising research goal.
The macroscopic crystal expansion due to spin-crossover correlates directly with molecular and intermolecular features. It occurs along the coordinates of molecular bond dilatation as predetermined by the denticity and rigidity of the ligands.
The different, yet still extant, SCO behaviour in direct contact with an HOPG surface seems to be based on interactions of the complex molecules with the substrate; no hints at intermolecular interactions were found. As is typical for ( partly) aromatic compounds on graphite, 1 is probably interacting via its heteroaryl residues. Sterical hindrance does not allow for π stacking between complexes and surface apart from steep steps or ridges on the latter. However, since high surface coverage was achieved, and the number of steps or ridges should be limited on highly-oriented graphite, the adsorption via one or two edge-on contacts can be assumed. The rings containing N30 and N10 are particularly fit for this purpose, because adsorption would make the bulky thiocyanato ligands point away from the surface (see Fig. 11 ). Binding through the Fig. 11 Proposed adsorption mode of 1 on HOPG (dark grey line) as derived from the structure of 1a at 150 K (left, low-spin) and 273 K (right, high-spin). ¶ The numbering scheme is given in Fig. 2 . Single and double primed numbers refer to-through coordination-chemically inequivalent pyridyl residues in an arbitrary fashion.
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This sulphur atoms of these-as often seen on metal surfaces-is improbable: no π⋯SCN contacts are found in the crystal structure of any pseudopolymorph.
As shown in Fig. 11 , the tentative adsorption site of 1 changes little with temperature. Thus, a strong temperature dependence of the respective interactions is not expected. The main changes during SCO, as found by analysis of the thermal-expansion tensor, progress perpendicular to the viewing plane and via the sulphur atom(s) S52 (and S62). The assumption of an optimal two-dimensional HS lattice being disturbed by cooling and subsequent transition into a less than optimally packed LS state (vide supra) adequately explains the deviation from simple non-interaction models. The assumptions made can further be substantiated by determination of the exact topography of a submonolayer of 1 on HOPG. Work to this end is in progress.
